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Abstract 

Recent years have seen a deepening 
in the meaQlLement of human cperator 

in the design and prxduction of human-- 
systems are educated in the rigors of 
workload measurement and the currently 
available techniques. Furthermore, as in 
most amas of expxtise, them m o t  enurpl 
human "experts" to go around. The present 
paper describes an mexpe&'l system, created 
at the NASA-Ames Research Center, that was 
designed to provide decision support for 
persons interested in assessing operator 
workload. The system 1s based on current 
m s e a r c h i n t h e f i e l d o f w o r k l o a d ~  
and is flexible enough to allow for 
incorporation of new knowledge as it is 
empirically validated. 

w r z  However, nat all perxrs invOlv€d 

WC FIELCG (Workload Consultant for Field and 
Imlustrial Environments for hj'persons Desiring 
Support) is a microprocessor-based system 
designed to aidusers in selecting appropriate 
workload assessment procedures for their 
particular application. The system is designed 
to aid non-experts in the area of workload. 
These users may be new to the field, or 
interestd in worklcad only as a control variable 
and not as a primary focus of their research. 
Presently, for these researchers to apply 
workload methodology they must either consult 
with an expert or sort through numerous books and 
articles on workload assessment and theory. Each 
of these sources tends to focus on the favorite 
assessment technique of the author or expert,  and 
is usually applied to specific situations. 
Consequently, sorting through the literature to 
find measures appropriate to one's application 
becomes a very difficult task for those not 
familiar with the field (and often for those who 
are familiar with the field). 

WC FIELCs is designed to s u g g e ~  appropriate 
workload assessment techniques, taking into 
account a wide variety of workload questions, 
environments, and assessment methodologies. The 
system is intended to take the place of a 
workload expert in suggesting worklmd assessment 
methodoloqies and to provide enough information 

and appropriate references for researchers to 
apply the suggested methods. %e system will not 
suggest a sirqle asessmenc procecture as the one 
of choice; rather it will present the user with 
several assessment methodologies appropriate for 
his/her application and sufficient information 
for the user to make an intelligent choice among 
alternatives. 

S_trUL!-~- of the l'eqertll systan 

The system was developed using EXSYS, a 
commercially-available rule-based expert system 
development package. The knowledge base was 
created by compiling an extensive list of IF - 
THEN type rules which the expert system 
translates into questions to ask the user. The 
rules are in the form: 

IF cordition X is Y THEN 

1. method a : 
2. methcd b : 
3.  methcd c : 

prabability = 9/10 
prcbability = 7/10 
probability = 3/10 

where the probability ranges from 0 (absolutely 
not appropriate) to 10 (absolutely appropriate) 
and refers to the appropriateness of the given 
workload assessment method for  the given 
application. Ihe user of the system does not see 
the rule but sees b t e a d  a question derived from 
the nile by the program. The question formed by 
the program for the above rule would look as 
follclws: 

Condition X i s  

1. w 
2. x 
3.  Y 
4. 2 

Among the more desirable features of this 
system is it's ability to use backward chaining 
(the program can obtain information from the 
rules in the knowledge base rather than 
continually prompting the user for information 
previcwly obtained). The following paragraphs 
describe h w  W FIHDG operates: 

Initially, the user is presented general 
information abovt the program. ?he user then may 
choose whether or not he/she wishes to have the 
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,rules displayed as the program v e r i f i e s  that they 
are true. Knowledge of the rules used t o  reach  
conc lus ions  can  h e l p  a u s e r  understand why 
c e r t a i n  workload assessment  methodologies are 
selected, and in  mme inStances, why the rule c a n  
be i n t e r p r e t e d  i n  d i f f e r e n t  ways depending on a 
u s e r  s special  a p p l  ica  t ions.  Occas iona l ly ,  
b r i e f  notes to the user are presented to jus t i fy  
the rationale underlying a particular rule. 

A f t e r  the i n t r o d u c t o r y  ques t ions ,  t h e  u s e r  
is asked  a number o f  m u l t i p l e  choice  ques t ions  
pertaining to the goals of the pro jec t  f o r  which 
workload w i l l  be m e a s u r e d  and t o  the environment 
i n  which workload w i l l  be measured. For each 
question the user has the option of selecting one 
or more of t h e  a v a i l a b l e  answers. I f  t h e  user  
wan t s  t o  know why a q u e s t i o n  is be ing  asked, 
h e / s h e  n e e d  o n l y  r e s p o n d  f tWHY'l  i n s t e a d  o f  
choc~ing one of the a l t e rna t ive  choices, and the 
r u l e  t h a t  p rompted  t h e  q u e s t i o n  w i l l  b e  
d i sp l ayed .  This op t ion ,  a v a i l a b l e  even i f  the 
u s e r  i n i t i a l l y  chose  n o t  t o  have t h e  rules 
d i s p l a y e d ,  may be e x e r c i s e d  a t  any p o i n t  i n  t h e  
Program. 

When t h e  p rogram h a s  o b t a i n e d  enough 
in fo rma t ion  t o  r each  a d e c i s i o n ,  t h e  p o s s i b l e  
outcomes are numer i ca l ly  eva lua ted  us ing  t h e  
p r o b a b i l i t i e s  a s s o c i a t e d  wi th  cho ices  i n  t h e  
i u l e s .  U f i e r  respon:;c:; w i th  ii va lue  of 0 or I O  
[ w i  ~nnrxatly fflock' '  the valut! of the dioicc, while 
\r;tlues of 1 t o  <> are avc?i-aqcd over  a l l  of  the 
r - u l e s  t h a t  u s e d  t h e  c h o i c e .  

Before t h e  f i n a l  r e s u l t s  a r e  p re sen ted ,  a 
s c r e e n  of i n fo rma t ion  a c h i s i n g  t h e  u s e r  on t h e  
m e a n i n g  of the numerical values assigned t o  t h e  
various measures appears on the screen. The next 
s c r e e n  p r e s e n t s  each  o f  t h e  p o s s i b l e  workload 
measures i n  order of their appropriateness, with 
o n l y  t h e  numera tors  o f  t h e  p r o b a b i l i t y  ra t ios  
given. Choices t o  which no r u l e  a p p l i e d  or f o r  
w h i c h  a v a l u e  of 0 was o b t a i n e d  will n o t  
automatically be displayetl, h i t  may ke displayel 
i f  the u s e r  so indicate:;. The u s e r  may then  
e x e r c i s e  his,'her own best  judgment concerning 
a m p t a b l e  probabi l i ty  levels necessary t o  choose 
a measure or m e a s u r e s .  

when the f i n a l  choices appear, the user may 
change one or more of t h e  answers  p rev ious ly  
given to  any of the questions and test the e f f e c t  
t h a t  t h o s e  changes have on t h e  f i n a l  outcome. 
This o p t i o n  is e s p e c i a l l y  u s e f u l  f o r  comparing 
c u t c o m e s  when questions a r e  anqwertd d i  f ferent.1 y 
aid may tw done any nuinher o f  t i i i i c x  T h r  X L G W ~ ~ I ~ ~  

yi\ren may a l so  be s,~\*etl on di:;k t o  bo used i n  a 
si:bsequent. run  of the pi-ocjram <it a lat-er t i m e .  
?he results of a run may also be printed w i t h  or 
w i t h o u t  the in fo rma t ion  used i n  reachinq  t h e  
f i na 1 resu l t s .  

A l s o  av4iilnhlc:  t o  t h e  user' i:; the ol~t - ion  of. 
o b t a i n i n g  a d d i t i o n a l  i n fo rma t  ion on any of t h e  
measures displayed on a menu. T h i s  "information 
base" c o v e r s  s e v e r a l  ot t h e  m o s t  thor-otiqhl y 
validated and commonly uxxi examples of eiirh t y p  
of worklmd measure. l n c l u d ~ ~ l  i s  a dt3xcriptiori 

of each technique and the environments i n  which 
i t  is commonly used, i n s t r u c t i o n s  about  how t o  
i m p l e m e n t  it, and  a b r i e f  r e v i e w  o f  it 's 
:,trengths and weaknesses. The d e s c r i p t i o n  o f  
e a c h  m e a s u r e  is accompan ied  b y  a l ist o f  
references so t h a t  t h e  u s e r  can  f i n d  f u r t h e r  
information should he/she decide to implement or 
h m m e  mom f ami l i a r  w i t h  th2 measure. ?he next 
s e c t i o n  o f  t h i s  paper  b r i e f l y  o u t l i n e s  t h e  
c o n t e n t  o f  t h e  workload knowledge base o f  Wc 
I - I E ~ .  

For  each  combina t ion  of workload q u e s t i o n  
and  environment,  a set o f  t h e  most a p p r o p r i a t e  
measures w i l l  be suggested. The measures were 
selected on t h e  b a s i s  o f  t h e i r  v a l i d i t y ,  
r e l i a b i l i t y ,  and frequency o f  use. As new 
m e a s u r e s  b e c o m e  available,  they may be added t o  
t h e  system once t h e y  have been v a l i d a t e d .  The 
measures are d i v i d e d  i n t o  f i v e  c a t e g o r i e s :  
p r i m a r y  t a s k  p e r f o r m a n c e ,  s e c o n d a r y  t a s k  
performance, subjective r a t i n g s ,  p h y s i o l o g i c a l  
m e a s u r e s ,  a n d  a n a l y t i c  t e c h n i q u e s .  The  
following paragraphs review +be measures that are 
presently included in the system. 

r't 1 inary t a s k  performance 

'Ihis class of measures assumes t h a t  an  
o Iwra to r ' s  performance on t h e  y iven  t a s k  is by 
i t s . P l f  a v a l i d  i n d i c a t o r  of workload. For 
example, i f  a p i l o t  can  s u c c e s s f u l l y  l a n d  t h e  
p l ane  h e  is f l y i n g  t h e n  t h e  workload f o r  t h e  
l and ing  t a s k  must  have been w i t h i n  a c c e p t a b l e  
l e v e l s .  P r i m a r y  t a s k  m e a s u r e s  a r e  o f t e n  
d r f f i c u l t  to  identify,  as they are often task- or 
situation-dependent. Several m e a s u r e s  have been 
iormd t o  be u s e f u l  i n d i c a t o r s  of workload, 
however ,  s u c h  a s  f r e q u e n c y  and  c o n t e n t  of 
communications, manual c o n t r o l  v a r i a b i l i t y ,  
errors, and the a b i l i t y  t o  m e e t  schedules. 

Rimary task per fo rmare  measures have the 
.idvantage of face va l id i ty ,  that is, performance 
on the primary task  appears t o  a m r a t e l y  r e f l e c t  
t h e  operator's a b i l i t y  t o  perform the t a s k .  
oc-c-asionally d e s i g n e r s  a c c e p t  p r i m a r y  t a s k  
performance measures a s  i n d i c a t o r s  of t a s k  
w o r k l o a d  and  d o n ' t  a t t e m p t  t o  a p p l y  o t h e r  
methods. While t h i s  is a necessa ry  measure of 
t o t a l  t a s k  p e r f o r m a n c e ,  it o f t e n  is n o t  
s u f f i c i e n t  t o  m e a s u r e  workload. ?he operator may 
be over loaded  w h i l e  per forming  a t a s k ,  bu t ,  
t h imgh  incrensed e f fo r t ,  can maintain c r i t e r ion  
I x > r  lurmance for some t i m e  u n t i l  performance 
i.ipidly declines -- a danr~erou-, s i t ua t ion  in some 
t>iiv1ronments. In addition, a primary task  measure 
y i v e s  n o  i n d i c a t i o n  o f  t h e  a b i l i t y  of  t h e  
op'rator to  perform additional tasks as  are o f t m  
n e v e s s a r y  i n  emergency  o r  peak  work load  
S I  t-i~ation~. F'irmlly, rerfomance mei-isures rarply 
r t , i  I t c t  workltwtl variation? at the l o w  end of the 
W O K  klmd range. Performance decrements  u s u a l l y  
cx 1 v t  only i n  r eqwrse  t o  r e l a t ive ly  h i m  leve ls  
01 mrkloitd. 
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Secbndarjr &sk performance 

Secondary t a s k  measures of workload a r e  
ob ta ined  by g i v i n g  t h e  o p e r a t o r  an  "extra" t a s k  
to perform in addition t o  h i s  primary task ?he 
o p e r a t o r  is i n s t r u c t e d  t o  ma in ta in  a s p e c i f i e d  
l e v e l  of  performance on the p r imary  t a s k  (e.g. 
f ly ing  a plane) and to u s e  any remaining capacity 
( e f f o r t ,  r e sources ,  time, etc.) t o  perform t h e  
secondary t a s k  t o  t h e  best of h i s  a b i l i t y .  The 
l e v e l  of performance on t h e  secondary t a s k  is 
assumed  t o  i n d i c a t e  t h e  amount  o f  " s p a r e "  
c a p a c i t y  n o t  demanded by the pr imary  t a sk .  The 
secordary tasks included i n  the system are: t i m e  
e s t i m a t i o n  (Gunning, 1978; Hart, McPherson, and 
Loomis, 1978; B o r t o l u s s i ,  Kantowitz,  and H a r t ,  
1985), t h e  S t e r n b e r g  memory t a s k  (S ternberg ,  
1969, 1975), manual t r a c k i n g  ( B r i c k n e r  and  
Gopher, 1981; Wickens, Sandry, and Vidul ich ,  
1983) , a u d i t o r y  and v i s u a l  c h o i c e  r e a c t i o n  t i m e  
( K a n t o w i t z ,  Har t ,  and  B o r t o l u s s i ,  1983; 
K a n t o w i t z ,  Hart, B o r t o l u s s i ,  S h i v e l y ,  and  
Kantowitz,  1984;  Kantowitz and Knight, 1976a) , 
m o n i t o r i n g  ( E p h r a t h  a n d  C u r r y ,  1 9 7 7 )  , 
mathematical calculations, and dichot ic  l i s t en ing  
(Gurdry, 1976; McLeod, 1973). 

These measures have t h e  advantage  o f  be ing  
h igh ly  d i a g n o s t i c  i n  an  in fo rma t ion  p rocess ing  
paradigm. I n  other w o r d s ,  they have the abili . ty 
t o  i d e n t i f y  t h e  c o g n i t i v e  p rocesses  t h a t  are 
a f f e c t e d  by the demands o f  t h e  imposed tasks. 
secondary task methodology is backed by a strong 
theoretical base from cognitive psycholag. Ihe 
problem is t h a t  no secondary  t a s k  measure is 
universally applicable,  because d i f f e r e n t  t y p e s  
o f  p rocess ing  r e s o u r c e s  may be consumed ( o r  
remain) depending on t h e  n a t u r e  of t-he demands 
imposed by a pr imary  t a s k .  Performmce on one 
secondary t a s k  may i n d i c a t e  t h a t  no a d d i t i o n a l  
resources r e m a i n  t o  p e r f o r m  a n  a d d i t i o n a l  
a c t i v i t y  ( i n d i c a t i n g  h i g h  w o r k l o a d ) ,  w h i l e  
ano t .he r  would  show n o  s u c h  l i m i t a t i o n s  
(indicating l o w  workload) because they do, o r  do 
not ,  compete f o r  t h e  same l i m i t e d  resources .  
DILLS, the user m u s t  select a secondary task that 
w i l l  t a p  the same r e s o u r c e s  as  the t a s k  o f  
interest. I n  doing so, much of the ability to 
c o m p a r e  results across experiments is los t .  

I n  a d d i t i o n ,  implementa t ion  o f  secondary 
t a s k s  i n  a n  o p e r a t i o n a l  environment may be 
problematic in that performance of the additional 
t a s k  may i n t e r f e r e  w i t h  performance o f  t h e  
primary task. For this reason, -hers have 
attempted to  use embeddad secomry tasks. These 
t a s k s  a r e  des igned  t o  have t h e  appearance o f  
being an integra- part of the primary task. An 
example of a n  embedded secondary t a s k  would be 
i n c r e a s i n g  communication t a s k  load ings  i n  an  
a v i a t i o n  e n v i r o n m e n t .  The c o m m u n i c a t i o n s  
r e p r e s e n t  a t a s k  t h a t  p i l o t s  must normal ly  
perform and t h u s  seem r e a l i s t i c ,  however t h e y  
a l s o  r e p r e s e n t  a secondary t.ask i n  r e l a t i o n  t o  
the primary t a s k  of flyirxj the a i r c ra f t .  

Subjective rating d e s  

: iubjective r a t i n g s  are usua l ly  obtained by 
asking t h e  operator either during or a f t e r  a t a sk  
how men ta l ly  t a x i n g  t h e  t a s k  was t o  perform. 
Ra t ings  can come from verbal p r o t o c o l s  or  from 
paper  and pencil ques t ionna i r e s ,  and can  be 
obtained either from the operator him/herse l f  or 
from an  external observer who estimates the 
workload of the operator per forming  the task .  
Subjective r a t i n g s  are i n t u i t i v e l y  appealing in  
t h a t  t h e r e  shou ld  be no  easier way t o  f i n d  o u t  
how h i i d  s o m e o n e  is working on a task than to  ask 
him. 

Seve ra l  types of s u b j e c t i v e  r a t i n g  scales 
are inc luded  i n  the system. They range  i n  
complexity from a unidimensional numeric s a l e  to 
a multidimensional weighted average  o f  s e v e r a l  
c o m p o n e n t  factors. Ratings may focus so le ly  on 
t a s k - r e l a t e d  m e n t a l  w o r k l o a d  or  may a l s o  
e r m m p s s  psycholqical f ac to r s  SUG? as  level of 
p h y s i c a l  o r  phys io log ica l  a rousa l .  Seve ra l  
r a t ing  techniques, l h  SWAT (Subjective Workload 
A s s e s s m e n t  Techn ique )  , r e l y  o n  s u b j e c t i v e  
e s t i m a t e s  of t h e  i m p o r t a n c e  o f  component  
dimensions to  the subjectls a p r i o r i  de f in i t i ons  
o f  workload (Eggemeier, 1981; Eggemeier, 
Crabtree, Zingg, Reid, and Shingledecker ,  1982; 
Reid, Shingledecker, men, and Eggemeier, 1981; 
R e i d ,  Eggemeier, and Nygren, 1982). The NASA 
bipolar r a t ing  scale (Hart, Bat t i s t e ,  and Lester, 
1984) incaporates the operatorsr ratings of the 
r e l e v a n c e  of e a c h  f a c t o r  i n  a t a s k  (e.g., 
f r u s t r a t i o n ,  p h y s i c a l  demand, mental demand, 
p e r f o n n a m ,  e f f o r t ,  ard t e m p o r a l  demard) i n t o  a 
weight  a s s o c i a t e d  w i t h  the r a t i n g  f o r  each  
f a c t o r .  The f i n a l  workload score is a weighted 
average  o f  t h e  r a t i n g s  from each scale. Othe r  
mul t id imens iona l  techniques r e ly  on a hierarchy 
of questions about d i f f e ren t  task-i-elated fac tors  
that lead the rater to a s ing le  numeric workload 
r a t i n g  (e.g., t h e  Cooper-Harper H a n d l i n g  
mlities Rating Scales, and the modified cooper- 
Harper Scale [Oooper ard Harper, 1969; Sheridan 
and Simpson, 1979; Wierwille, Skipper ,  and 
Riajer, 19841). 

A l s o  inc luded  i n  the system are techniques 
r e l y i n g  on r e f e r e n c e  tasks (Gopher and Braune, 
1984) or ref- vehicles miem and Fadden, 
1 9 8 2 ) ,  and t e c h n i q u e s  based o n  l i n g u i s t i c  
d e s c r i p t o r s  of component  f a c t o r s  t h a t  a r e  
combinocl wi th  fuzzy set theory (Moray, 1983). 

Of a l l  the m e a s u r e s  currently ava i lab le  this 
class  is no doubt the easiest t o  implement, 
however ,  it does h a v e  several  d rawbacks .  
meoretical support of ratings techniques is nut 
as s t rong  as w i t h  some other m e a s u r e s  (secondary 
t a s k s ,  f o r  e x a m p l e ) ,  r a t i n g s  o b t a i n e d  by 
e x p e r i m e n t e r s  u s i n g  d i f f e r e n t  scales  a re  
d i f f  ic1il.t t o  c o m p a m ,  and scaling problems result 
from the use o f  r e l a t i v e  r a t h e r  t h a n  a b s o l u t e  
numer ica l  da t a .  Nonetheless the p o p u l a r i t y  o f  
t h i s  t e c h n i q u e  c o n t i n u e s  and o v e r a l l  t h e  
a d v a n t y p s  outweigh the disadvantages. 



?he @ p i o l o g i c a l  indices of mental workload 
are  the m o s t  ob jec t ive  m e a s u r e s  in terms of their 
a b i l i t y  t o  i n d i c a t e  o p e r a t o r ' s  r e a c t i o n s  t o  
demands  p l a c e d  o n  them. Two c lasses  o f  
p h y s i o l o g i c a l  m e a s u r e s  are inc luded  i n  the 
system: those that m e a s u r e  the avera l l  level of 
activation or artxsal those that relate more 
d i r e c t l y  t o  mental and p e r c e p t u a l  processing. 
Inc luded  i n  the f i r s t  g roup  are h e a r t  rate 
(Fceme, 1982; H a r t  and Hauser, 1984), heart rate 
v a r i a b i l i t y  (Casali and W i e r w i l l e ,  1982, 1983; 
W i e r w i l l e  and Williges, 1978), g a l v a n i c  s k i n  
r e sponse  (O'Donnell, 1979) , and r e s p i r a t i o n .  
Measures r e l a t i n g  more d i r e c t l y  t o  cognitive 
p- are evoM cortical potentials (Israel, 
W i c k e n s ,  Chesney, and Donchin, 1980), eye blinks 
( S t e r n  and Ske l ly ,  1984), spectral a n a l y s i s  of 
heart  b a t  to beat intervals (Mulder, 1979), eye 
p o i n t  of regard and f i x a t i o n  d u r a t i o n  (Sanders, 
Hofmann, Simmons, and DeBonis, 1979), and p u p i l  
diameter (Qsali and Wiorwille, 1983). 

physiological m e a s u r e s  a r e  advantageous i n  
t h a t  t h e y  a re  s e n s i t i v e  t o  h i g h  l e v e l s  o f  
workload and are u n l i k e l y  t o  i n t e r f e r e  wi th  
performance of the primary task. Unabtrusiveness 
is a ve ry  d e s i r a b l e  f e a t u r e  i n  some o p e r a t i o n a l  
environments w h e r e  d i s rupt ion  of perform- on a 
p r imary  task (such as f l y i n g  a h e l i c o p t e r  i n  a 
nap of the earth, or NOE, mission, for instance) 
c o u l d  mean s e r i o u s  i n j u r y  o r  d e a t h  t o  t h e  
operator f o r  whom workload is being measured. 

Drawbacks  re la ted  t o  t h e  u s e  o f  t h e s e  
measures include the enormous magnitude of data 
created by  t h e  c o n t i n u o u s  m o n i t o r i n g  o f  
biological f u n c t i o n s  and t h e  n o i s e  embedded i n  
the d a t a  from s u c h  function:; .  Computing 
facil i t ies t o  support such a m l y s e s  are eqlers ive  
and t i m e  consuming t o  ma in ta in  and ope ra t e .  A 
f u r t h e r  problem is t h e  c u r r e n t  l a c k  of a sound 
theoretical framework l i n k i n g  phys io loq ica l  
p ~ ~ r s s e s  t o  their ccqni t ive  correlates. 

There  are s e v e r a l  compl!ter proyrams that. 
compute work load  u s i n g  t a s k  and  t i m e - l i n e  
a n a l y t i c  t echn iques  and human o p e r a t o r  models. 
Most h a v e  b e e n  d e v e i o p e d  f o r  s p e c i f i c  
a p p l i c a t i o n s ,  s u c h  a s  t h e  d e s i g n  o f  a new 
a i rc raf t ,  and t h u s  do n o t  g e n e r a l i z e  t o  o t h e r  
a p p l i c a t i o n s  (McCraken and  A l d r i c h ,  1981) .  
Fur thermore ,  m o s t  are not. i n  t h e  p u b l i c  domain 
(as are a l l  of the other measures descr ikd) ,  and 
a m  generally ava i lab le  only thi-oiqh purchar;e or 
c v n t r a c t .  The t echn iques  inc luded  i n  WC FIEIDS 
at- time-1 ine analysis nrxl task amlysi::. 

When us1 nq technique'; h,i:@d upon t ' i sk  and 
t i m e l i m  analysis,  tdie r s e a r c h e r  idcntl! ies the 
tasks and the t i m e s  t o  perform the  tash:, e i t h e r  
throirqh e x p e r t  op in ion  o r  empu leal tcc.lin1yuc.s. 
The t 3 s k s  are then  p laced  on z t i m e l i n e  and t h e  
me,.sure of worhlmd is the ratio ot tlrre iqiired 
for t a s h  p2rforinance t o  t l r t ,  t i n ( ,  a v , ~ i l c i b l c  for 
tdsh performance. A d r a h h c k  to this techniqw 

is t h a t  i n  practice, o p e r a t o r s  w i l l  r eschedule  
t a s k s  t o  reduce  workload peaks  and t h u s  t h e  
p t ' t d i c t ed  workload peak!; may n o t  occur. I n  
adtli t i o n ,  t a s k s  are r a r e l y  s t r i c t l y  a d d i t i v e  i n  
terms of t i m e  t o  p e r f o r m .  I n  some cases 
operators integrate tasks i n  order to reduce the 
t o t a l  t i m e  necessary  t o  per form both t a sks .  I n  
other cases the tasks may i n t e r f e r e  w i t h  each  
o t h e r  and the t o t a l  t i m e  necessa ry  t o  perform 
both tasks wculd be more than that predicted by a 
s t r i c t l y  addi t ive  m c d e l .  
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Care fu l  c o n s i d e r a t i o n  o f  human o p e r a t o r  
workload prior t o  i m p l e m e n t a t i o n  of newly  
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